Assays of C-peptide are used to monitor allogeneic islet graft function. However, it is not known whether xenogeneic C-peptide is metabolized and excreted in a fashion similar to endogenous and allogeneic Cpeptide. In this study, injection of 10 times the physiological amount of porcine C-peptide into mice did not result in the excretion of the C-peptide in the urine. In contrast, when a physiological amount of porcine Cpeptide was injected into athymic mice, urinary excretion of porcine C-peptide was readily detected. After injection of radioactively labeled porcine C-peptide into mice, the radioactive uptake in tissues belonging to the mononuclear phagocytic system was significantly increased in mice immunized towards the xenogeneic C-peptide. These results may reflect an immunological reactivity towards the C-peptide. Antibodies against porcine C-peptide could not be detected in the serum of any of the mice. However, porcine C-peptide was found to be glycosylated. Thus, a possible explanation to the lack of porcine C-peptide in the urine is that xenoreactive antibodies had bound to carbohydrate structures on the peptide and that the antibody-C-peptide complex had been cleared from the circulation by the mononuclear phagocytic system. Thus, the urinary excretion of xenogeneic C-peptide seems to be different from that of endogenous and allogeneic C-peptide. Consequently, determinations of donor-specific C-peptide may not properly reflect islet xenograft function. In fact, islet xenograft function may be underestimated.
INTRODUCTION
tions of C-peptide levels, data concerning these factors would be of importance. In transplant recipients, day-to-day monitoring of graft Therefore, porcine C-peptide was injected into both function is a prerequisite for optimal management soon ordinary and nude (T-cell-deficient) mice, after which after transplantation. In allogeneic islet transplant recipithe serum levels and urinary excretion of the xenogeneic ents, such monitoring has usually been done by assays C-peptide were assessed with radioimmunoassay. The of C-peptide, insulin, and blood glucose levels being serum levels and urinary excretion of porcine C-peptide precluded as functional markers by the use of exogenous in nude mice transplanted with porcine islets were also insulin in the early posttransplant period (11) .
examined. In addition, radioactively labeled porcine C-Presumably, an assay of donor-specific C-peptide can peptide was injected into ordinary mice and then the be used to monitor xenogeneic islet graft function. Howurine and various tissues were examined for their radioever, in contrast to insulin, for which the amino acid activity by scintigraphic counting. Furthermore, in order sequence is highly preserved, the amino acid sequence, to investigate whether a prolonged exposure to porcine and therefore also the immunological properties of C-C-peptide (as after islet xenotransplantation) would alter peptide, differ markedly between different species (8,10, the urinary excretion of the xenogeneic C-peptide, ordi-20,26) and it is not known whether xenogeneic C-pepnary mice that had been injected with porcine C-peptide tide is metabolized and excreted in the same way as enfor several weeks were also studied. Moreover, we also dogenous and allogeneic C-peptide. Consequently, to studied whether a prolonged exposure to porcine C-pepproperly estimate islet xenograft function by determinatide would lead to the formation of antibodies directed 166 WENNBERG ET AL.
against the xenogeneic C-peptide. Finally, because im-Radioactively Labeled Porcine C-Peptide portant xenoantigens have been shown to be carbohy-Radioactively labeled porcine C-peptide ([ 125 I]Tyrdrates, we studied whether porcine C-peptide is glycoporcine C-peptide) was prepared by Novo Nordisk A/S, sylated.
using the chloramine-T method (15) followed by reverse-phase HPLC. The product was dialyzed to remove MATERIALS AND METHODS free radioactive tracer ( 125 I) and then injected SC into the mice. The dialysis was accomplished as follows:
Preparation of Fetal Porcine Islet-Like Cell Clusters
[ 125 I]Tyr-porcine C-peptide was dissolved in 0.1 ml of (ICCs) and Transplantation Into Nude Mice 9% NaCl solution and dialyzed [Spectra/Por  CE molec-Pregnant Swedish Landrace sows were killed by ular porous dialysis membrane, molecular weight cutoff means of a slaughtering mask at 70 ± 5 days of gestation (MWCO) 2000, Spectrum, Los Angeles, CA] for 24 h time (full-term is approximately 115 days). The fetuses towards 1000 ml of a phosphate-buffer solution. Urinary (5-16 per litter) were immediately removed from the radioactivity was measured by scintigraphic counting uterus and placed on ice during transport to the labora-(Compu-Gamma  Universal Gammacounter, LKB Waltory. The cold ischemia time was ≤2 h. After aseptic lae OY, Turku, Finland). To eliminate free urinary 125 I, removal, the fetal pancreatic glands were finely minced the urine samples were dialyzed by the method deinto 1-2-mm 3 size pieces in cold Hanks' balanced salt scribed above. The amount of radioactivity in the feces, solution. They were then digested by collagenase (10 blood, and in thyroid, heart, lungs, kidneys, liver, spleen, mg/ml, Sigma type V, Sigma Chemical Co., St. Louis, colon, small intestines, and testes was also determined MO) during vigorous shaking. The digested tissue was by scintigraphic counting. In order to determine the rawashed and seeded into culture dishes, which permitted dioactive uptake in Kupffer cells and hepatocytes, liver cellular attachment (Nunc 90 mm, Bibby Sterilin Ltd., tissue was passed through a stainless steel mesh and sus-Stone, Staffs, UK) in culture medium RPMI-1640 (11.1 pended in a phosphate buffer solution. The liver cell sus-mM glutamine, ICN Biomedicals, Costa Mesa, CA) suppension was then centrifuged at 800 × g for 20 min on plemented with 10 mM nicotinamide (Sigma). Begina Lymphoprep  1.077 g/ml density gradient (Nycomed ning on day 1 of culture, 10% human serum (v/v; the Pharma AS, Oslo, Norway). Kupffer cells were found Blood Center, Huddinge Hospital, Huddinge, Sweden) on the top of the gradient and the hepatocytes in the was added. The culture dishes were kept in an incubator pellet. The cells were counted after staining with eosin at 37°C with 5% CO 2 in humidified air, and the culture red, and the radioactivity in 10 6 Kupffer cells and hepamedium was changed every other day. After 4 days of tocytes was determined by scintigraphic counting. culture, the pancreatic digest had reaggregated into ICCs and most of the ICCs were free-floating or could easily
Injections of Porcine C-Peptide Into Mice be detached by gentle flushing of the culture medium.
Porcine C-peptide (10 µg), a dose calculated to pro-All free-floating fragments with a diameter of <0.7 mm vide amounts comparable to the daily production of enwere considered to be ICCs and were collected. No furdogenous C-peptide in mice (23), was injected SC into ther purification was needed.
nude mice (Black-nu/nu, BomMice) after which the se-Thereafter, 4 µl of ICCs was transplanted beneath the rum and the urine were examined for the presence of capsule of the left kidney in streptozotocin (250 mg/kg porcine C-peptide. Serum samples were taken at 3 h b.wt., IV, Sigma Chemicals, dissolved in a citrate buffer after the injection. Urine samples were collected besolution, pH 4.5) diabetic (B-glucose >20 mmol/L) nude tween 0 and 3, 3 and 12, and 12 and 24 h after the mice (Black-nu/nu, BomMice, Bomholt Gaard Breeding injection. Another group of nude mice was injected with and Research Center Ltd., Ry, Denamrk). Within 12 a 10-fold higher dose of porcine C-peptide (100 µg). weeks after transplantation, all the mice had become Porcine C-peptide was also injected SC into ordinary normoglycemic (B-glucose 4-5 mmol/L). Twelve months mice (Black-6, B&K International, Sollentuna, Sweden), after transplantation, serum levels and 24-h urinary exafter which the serum and the urine were examined for cretion of porcine C-peptide were assayed. The 24-h urithe presence of porcine C-peptide. As for the nude mice nary samples were collected from the traps of metabolic described above, serum was sampled at 3 h after the cages.
injection. Urine samples were collected between 0 and 3, 3 and 12, and 12 and 24 h after the injection. One Porcine C-Peptide group of Black-6 mice was given 10 µg of porcine Cpeptide. Another group of Black-6 mice was injected The porcine C-peptide was provided by Novo Nordisk A/S (Bagsvaerd, Denmark). Serum and urinary lev-with a 10-fold higher dose of porcine C-peptide (100 µg). Finally, one group of Black-6 mice was injected els of porcine C-peptide were assessed with radioimmunoassay (RIA) (Linco Research Inc., St Louis, MO).
with a 100-fold higher dose of porcine C-peptide (1000 µg). To detect any strain-dependent differences in the dissolved in buffered saline (pH 7.4), was coated onto urinary excretion of porcine C-peptide, 10 µg of the xeflat-bottom microtiter plates (Costar, Cambridge, MA) nogeneic peptide was also injected into NMRI mice (B& at a concentration of 10 µg/ml. HSA only was used as K International) and Balb-c mice (B&K International).
solid-phase antigen. After washing (0.154 mol/L saline For the Black-6 mice, the serum was sampled at 3 h and containing 0.05% Tween 20) and blocking of nonspethe urine was collected between 0 and 3, 3 and 12, and cific binding (dilution in buffered saline containing 12 and 24 h after the injection. 0.1% Tween 20 and 0.02% sodium azide supplemented To investigate whether a prolonged exposure to porwith 1% HSA), the mouse sera were applied in serial cine C-peptide (as after islet xenotransplantation) would dilution (1:32-1:2048) and incubated for 90 min at alter the urinary excretion of the xenogeneic C-peptide, room temperature. Rabbit anti-porcine C-peptide serum the urine was examined for excretion of porcine C-pep-(Milab AB, Sweden) was used as a positive control and tide in Black-6 mice that had been injected SC with 10 serum from ordinary Black-6 mice as a negative control. µg of the C-peptide daily, for 2, 3, 4, and 5 weeks prior After another washing, the two secondary antibodies, to the experiment. In this experiment, only the lower rabbit anti-mouse immunoglobulin (Dako A/S, Glostrup, dose (10 µg) of porcine C-peptide was used.
Denamrk) in a dilution (buffered saline) of 1:1000 and porcine anti-rabbit immunoglobulin in a dilution (buf-Injections of Radioactively Labeled Porcine C-Peptide fered saline) of 1:5000, both conjugated to alkaline Into Mice phosphatase, was applied for 90 min at room tempera-Radioactively labeled porcine C-peptide was injected ture. The wells were washed (0.154 mol/L saline con-SC into Black-6 mice, after which the urine, blood, feces taining 0.05% Tween 20) and substrate solution (diethaand thyroid, heart, lungs, kidneys, liver, spleen, colon, nolamine buffer pH 10.0, Sigma Chemicals) was added. small intestines, and testes were examined for their ra-Thereafter, the optical density was read by a microplate dioactivity at 30 min, and 1, 2, 3, and 4 h after the injecauto-reader at a wavelength of 405 nm. tions ( Table 1 ). The amount of radioactive porcine Cpeptide injected into these mice was 6 ng (300,067 ± Studies of C-Peptide Glycosylation 10,924 counts/min).
Thereafter, to investigate whether a prolonged expo-To study whether porcine C-peptide is glycosylated, sure to porcine C-peptide would alter the urinary excrethe carbohydrate content of the C-peptide was examined tion and tissue uptake of the radioactive porcine C-pepusing an Immuno-Blot  kit for glycoprotein detection tide, similar studies were carried out in Black-6 mice (Bio-Rad Laboratories, Hercules, CA). This kit uses a that had, or had not, been injected with nonradioactive specific carbohydrate oxidation reaction to label the porcine C-peptide daily for 2, 3, 4, and 5 weeks. In these carbohydrates with biotin. Thereafter, the samples are experiments, the animals were sacrificed 3 h after the spotted onto nitrocellulose membranes and the proteininjection of radioactively labeled porcine C-peptide, and bound biotin is detected using streptavidin-alkaline the urine and various tissues were examined for radioacphosphatase and color development reagents. Human tivity ( Table 2 ). In addition, the radioactivity in Kupffer gamma-globulin (Benglobin, Centeon Pharma GmbH, cells and hepatocytes was determined. The amount of Marburg, Germany) and Compostatin, a synthetic 13radioactive porcine C-peptide injected into these mice amino acid cyclic peptide (21), served as positive and was 6 ng (139,567 ± 8789 counts).
negative controls.
Determinations of Antibodies in Serum Directed Statistical Analysis Against Porcine C-Peptide
Data are expressed as means ± SEM and compared To investigate whether a prolonged exposure to porusing the Student's t-test for unpaired observations. cine C-peptide would lead to the formation of antibodies directed against the xenogeneic C-peptide, sera from Black-6 mice, which had been injected SC with 10 µg RESULTS of porcine C-peptide daily for 5 weeks, were analyzed Serum Levels and 24-h Urinary Excretion of Porcine with an ELISA assay, using porcine C-peptide as the C-Peptide in Nude Mice Transplanted With Porcine target antigen. Serum samples were stored at −20°C.
Islets 12 Months Earlier Due to the low molecular weight of porcine C-peptide Porcine C-peptide was detected in the serum of all (approximately 3000), the peptide had to be conjugated nude mice (0.63 ± 0.09 ng/ml) ( Table 1 ). Excretion of (Eurodiagnostica, Malmoe, Sweden) with human serum porcine C-peptide in the urine could be detected in 4 out albumin (HSA) (1 mg of porcine C-peptide per 4 mg of HSA). Briefly, the porcine C-peptide-HSA conjugate, of 6 animals (4.01 ± 3.24 ng in 24 h) ( Table 1) . 
Serum Levels and 24-h Urinary Excretion of Porcine
1000 µg) of porcine C-peptide had been injected (Table  1 ). In NMRI mice the serum levels 3 h after the injection C-Peptide After SC Injection in Nude Mice were 0.29 ± 0.08 ng/ml and in Balb-c mice they were Three hours after the injection, the level of porcine 0.26 ± 0.09 ng/ml (Table 1) . C-peptide in the serum was 0.16 ± 0.04 ng/ml if the No porcine C-peptide was detected in the urine in lower dose of porcine C-peptide (10 µg) had been inany of the Black-6 mice injected with 10 or 100 µg of jected, and >10 ng/ml if the higher dose (100 µg) had the C-peptide. When the highest dose (1000 µg) was been injected (Table 1) .
injected, porcine C-peptide could be detected in the In the nude mice injected with the lower dose (10 µg) urine in all the Black-6 mice (2.18 ± 0.12 ng in 24 h) of porcine C-peptide, the peptide could be detected in ( Table 1 ). The amount of porcine C-peptide excreted in the urine of 4 of 5 animals (0.78 ± 0.26 ng in 24 h) the urine of the mice injected with the highest dose ( Table 1 ). The total amount of porcine C-peptide ex-(1000 µg) of the C-peptide was approximately 0.0002% creted in the urine in this group of mice was approxiof the injected dose. No porcine C-peptide was detected mately 0.008% of the injected dose. When the higher in any of the NMRI mice or Balb-c mice injected with dose (100 µg) of porcine C-peptide was injected, the 10 µg of porcine C-peptide ( Table 1) . amount of porcine C-peptide excreted in the urine in-No porcine C-peptide was detected in the urine of creased (5.56 ± 2.89 ng in 24 h) ( Table 1 ). The percentall Black-6 mice that had been injected with porcine Cage of the injected dose that was excreted in the urine peptide for several weeks. when the highest dose of porcine C-peptide had been injected was approximately 0.006%.
Determinations of Antibodies Directed Against Porcine C-Peptide in the Serum of Ordinary Mice That Had Serum Levels and 24-h Urinary Excretion of Porcine Been Injected With Porcine C-Peptide for 5 Weeks C-Peptide After SC Injection in Ordinary Mice, Including Mice That Had Been Injected With Porcine
Antibodies directed against porcine C-peptide could C-Peptide for Several Weeks not be detected in the serum of any of the mice. Three hours after the injection, the level of porcine Studies of C-Peptide Glycosylation C-peptide in the serum of Black-6 mice previously not Both porcine C-peptide and human gamma-globulin exposed to porcine C-peptide was 0.17 ± 0.11 ng/ml if were glycosylated whereas no carbohydrates could be the lower dose (10 µg) of porcine C-peptide had been injected and >10 ng/ml if the two higher doses (100 and detected in the samples containing Compostatin.
Radioactivity in Urine, Different Tissues, Kupffer Cells, ence was observed in the feces, heart, kidneys, and testes ( Table 3 ). The total amounts of radioactivity recovand Other Liver Cells After SC Injection of Radioactively Labeled Porcine C-Peptide Into ered, expressed as percentages of the total amount of radioactivity injected, were similar (32.6 ± 1.6% of in-Ordinary Mice jected counts), whether or not the mice had received After injection of radioactively labeled porcine Cdaily injections with nonradioactive porcine C-peptide peptide, the amount of radioactivity in the urine infor 2, 3, 4, or 5 weeks previously (Table 4 ). However, creased for 3 h, with no further increase at 4 h. The total the recovery in urine decreased gradually in animals inamount of radioactivity recovered in the urine 3 h after jected daily with the nonradioactive C-peptide, but rethe injections was 12-20% of the injected amount. covery in the other tissues increased (Table 4 ). However, after dialysis of the urine, radioactivity was at In ordinary mice injected daily with nonradioactive background levels ( Table 2 ). There was no difference in porcine C-peptide for 4 and 5 weeks, a significant inurinary radioactivity whether or not the mice had recrease (p < 0.01) in radioactivity was observed in Kupfceived injections with nonradioactive porcine C-peptide fer cells, but not in other liver cells, compared with mice for 2, 3, 4, or 5 weeks previously ( Table 3) .
that had not previously been injected with porcine C-Three hours after the injection of radioactively lapeptide (Fig. 2) . beled porcine C-peptide, radioactivity was found mainly in the blood, thyroid, lungs, kidneys, and colon (Table  DISCUSSION  2 ). The level of radioactivity in the thyroid increased Injections of 10 µg of porcine C-peptide into ordinary gradually during the observation period, but in the kidmice resulted in serum levels of porcine C-peptide comneys it decreased ( Table 2 ). Radioactivity remained conparable to those obtained in diabetic nude mice cured stant in the blood, lungs, and colon ( Table 2 ). In the by transplantation of fetal porcine islets. However, the heart, liver, spleen, small intestines, feces, and testes injections did not result in the excretion of the xenogethe radioactivity levels were lower ( Table 2) . With time, neic C-peptide in urine, and this was true also when the the levels increased in the small intestines and testes, injected amount of porcine C-peptide was 10 times decreased in the heart, and remained constant in the feces, liver, and spleen ( Table 2) .
higher (100 µg). Only when an excessive amount of porcine C-peptide (1000 µg) was injected were small In ordinary mice injected daily with nonradioactive porcine C-peptide for 4 and 5 weeks previously, a sig-amounts of the xenogeneic C-peptide (approximately 0.0002% of the injected dose) excreted in the urine. nificant (p < 0.01) increase in radioactivity was detected in the blood, thyroid, lungs, liver, spleen, colon, and There was no difference between different strains of mice. small intestines compared with the mice that had been injected daily for 2 weeks (Table 3 , Fig. 1 ). No differ-In contrast, when porcine C-peptide was injected into *After 24 h of dialysis to remove free radioactive tracer. †Radioactivity at background levels. ‡p < 0.01 when compared to mice not injected with porcine C-peptide previously. Figure 1 . Radioactivity in different tissues 3 h after the injection of radioactively labeled porcine C-peptide into mice that had, or had not, been injected with porcine C-peptide for 4 or 5 weeks previously. **p < 0.01 when compared with mice previously not exposed to porcine C-peptide. nude mice (T-cell-deficient mice), small amounts of the After injection of radioactively labeled porcine Cpeptide into ordinary mice, the radioactivity recovered xenogeneic C-peptide were excreted in the urine already at the lowest dose level. Noteworthy, the serum levels in urine increased up to 3 h after injection, with no further increase at 4 h. The total amount of radioactivity of porcine C-peptide obtained in the nude mice injected with the lowest dose of porcine C-peptide were compar-recovered in urine during 3 h after the injections was 12-20% of the injected amount. However, after dialysis, able to those in the ordinary mice. The percentage of porcine C-peptide recovered in urine of the nude mice the radioactivity in urine was at background levels. This means that the radioactivity recovered in urine origi-was approximately 0.008% of the injected dose (i.e., 40 times higher than in the immunocompetent mice). How-nated from free radioactive tracer alone. The most likely explanation to this finding is that the xenogeneic C-pep-ever, when compared with the urinary excretion of endogenous C-peptide in mice (4), the amount of xenogen-tide had been degraded and that the radioactive tracer was separated from the porcine C-peptide during this eic C-peptide excreted in the urine was small also in the nude mice.
process. Another possibility is that the radioactive tracer Figure 2 . Radioactivity in Kupffer cells and other liver cells 3 h after the injection of radioactively labeled porcine C-peptide into mice that had, or had not, been injected with porcine C-peptide for 5 weeks previously. **p < 0.01 when compared with mice previously not exposed to porcine Cpeptide.
had been separated from the intact, nondegraded, xeno-munological reactivity towards xenogeneic C-peptide remains unknown. geneic C-peptide. However, the absence of porcine Cpeptide in the urine when examined with RIA make this
The urinary excretion of xenogeneic C-peptide detected in this study was decreased not only in the fully unlikely. Furthermore, the method used to conjugate the radioactive tracer to porcine C-peptide is considered to immunocompetent mice but also in the nude mice (Tcell-deficient mice) when compared with the urinary ex-be stable, with very little spontaneous degradation. The radioactive uptake in tissues belonging to the mononu-cretion of endogenous C-peptide in mice (4) . Consequently, the presumed immunological reactivity towards clear phagocytic system, including Kupffer cells, was significantly increased in mice that had previously been xenogeneic C-peptide is only partially T-cell dependent.
Possible non-T-cell-dependent mechanisms include op-injected with the xenogeneic C-peptide for several weeks. In nonimmunized mice, no such increase was sonization of the porcine C-peptide by preformed natuobserved. This may reflect an increased immunological rally occurring xenoreactive antibodies and a subsequent reactivity to, and an increased degradation of, the xenoelimination of the xenogeneic peptide by immune cells geneic peptide in mice previously exposed to the pepbelonging to the mononuclear phagocytic system. tide. It is noteworthy that endogenous C-peptide is not
In humans, endogenous C-peptide is removed from extracted by the liver to any significant extent. In huthe circulation by glomerular filtration and uptake from mans, a significant proportion of the immunological rethe peritubular capillaries. Subsequently, C-peptide is activity to porcine insulin has been shown to be directed metabolized in the tubular cells (14, 19) . Thus, renal meagainst pro-insulin (i.e., at least partially against porcine tabolism rather than urinary excretion is the main pro-C-peptide) (16, 17) .
cess for elimination of endogenous C-peptide (14, 19 ). An immunological reactivity to, a production of neu-However, in healthy subjects, approximately 5% of the tralizing antibodies against, and a subsequent accelerendogenous C-peptide production is excreted intact in ated degradation of foreign peptides have been described the urine. Urinary C-peptide measurements can therefore in many situations, including substitution therapy with be used to assess endogenous insulin production (14, 19) . insulin in diabetes mellitus (8) and in treatment with en-In addition, assays of C-peptide can be used to monitor zymes in various enzyme deficiency disorders (3,9,12, allogeneic islet graft function. Human and murine serum 13). Furthermore, the administration of murine-derived levels of endogenous C-peptide are comparable (6) . monoclonal antibodies (i.e., xenogeneic peptides) fol-However, in mice, a larger proportion of the endogenous lowing organ transplantation frequently induces the pro-C-peptide production is excreted intact in the urine (4). duction of neutralizing antibodies (2,5), accelerating the Thus, based on the findings in the present study, the clearance of the therapeutic monoclonals from the circuexcretion of xenogeneic C-peptide seems to be different lation. It has been reported that antibody production from that of endogenous and allogeneic C-peptide. Conagainst C-peptide is difficult to induce, probably besequently, determinations of donor-specific C-peptide cause of the peptide's low molecular weight, its lack of may not properly reflect islet xenograft function. In fact, rigid secondary and tertiary structure, and/or its lack of islet xenograft function may be underestimated and negtyrosine residues (1). In the present study, antibodies diative findings concerning xenogeneic C-peptide in urine rected against porcine C-peptide could not be detected may occur in spite of insulin production. In the perspecin sera from mice injected with the xenogeneic peptide tive of possible future clinical attempts in islet xenotransfor several weeks. However, porcine C-peptide was plantation, further studies concerning the metabolism of found to be glycosylated. It has previously been shown porcine C-peptide in humans are greatly needed. that xenoreactive antibodies are directed mainly towards
We may speculate that, following xenotransplantacarbohydrate antigens (7, 18) . Thus, a possible explanation, proteins produced by the xenografts may be setion for the lack of detectable antibodies towards porcine creted and degraded differently than proteins produced C-peptide is that the antibodies had bound to carbohyin the allogeneic situation. To consider and prevent such drate structures on the xenogeneic peptide and that the mechanisms could prove to be as important as avoiding antibody-C-peptide complex had been cleared from the rejection of the xenograft itself (22). As indicated by the circulation by the mononuclear phagocytic system. This present findings in nude mice, these mechanisms are could also explain the lack of porcine C-peptide in the only partially T-cell dependent and therefore cannot be urine. Moreover, xenoreactive antibodies have been deprevented by inhibition of T-cell reactivity alone. scribed to be polyreactive, with high avidity but low af-
